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S U M ! I A R Y
In  th i s  t hes i s  t he  syn thes i s  o f  Zn2+  and  Co2+  comp lexes  w i th  su l f u r
and  n i t r ogen  con ta in ing  l i gands  as  mode l  compounds  fo r  t he  ac t i ve  s i t e
o f  Ho rse  L i ve r  A l coho l  Dehyd rogenase  (HLADH)  i s  desc r i bed .  HLADH i s  an
e n z y m e  w h i c h  r e v e r s i b l y  o x i d i z e s  a l c o h o l s  t o  a l d e h y d e s  o r  k e t o n e s ,  m a k -
i ng  use  o f  t he  coenzyme NAD+/NADH.  The  ac t i ve  s i t e  o f  HLADH con ta ins  a
z i n c  i o n ,  c o o r d i n a t e d  b y  t w o  c y s t e i n e s ,  a  h i s t i d i n e  a n d  a  w a t e r  m o l e c u l e
( o r  h y d r o x i d e  i o n ) .  T h i s  z i n c  i o n  i s  n e c e s s a r y  f o r  t h e  c a t a l y t i c  a c t i v i -
t y  o f  t h e  e n z y m e  ( F i g u r e  1 ) .
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Coo rd ina t i on  o f  t he  z i nc  i on
i n  t he  ac t i ve  s i t e  o f  HLADH.
A review of  the propert ies of  the enzyme HLADH and the coenzyme
N A D + / N A D H  i s  d e s c r i b e d  i n  C h a p t e r  I .  I n  a d d i t i o n ,  m o d i f i c a t i o n s  o f  t h e
ac t i ve  s i t e  o f  HLADH and  mode l  compounds  fo r  t he  ac t i on  o f  t h i s  enzyme
known  so  fa r  i n  t he  l i t e ra tu re  a re  rev iewed .
In  Chap te r  I I  t he  syn thes i s  o f  t r i den ta te  l i gands  i s  desc r i bed ,  i . e .
c o n t a i n i n g  a n  i m i d a z o l e  g r o u p  a n d  t w o  t h i o l  ( o r  s u l f i d e )  g r o u p s  ( F i g u r e
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Figure 2 R - H , a t k y t , a r y t
2 a ) .  C o m p l e x a t i o n  o f Z n Z +  o r  C o ? r  i o n s  b y  t h e  d i t h i o l  c o n t a i n i n g  l i g a n d
r e s u l t s  i n  p o o r l y  s o l u b . l e  c o m p l e x e s .  T h e  t h i o l  g r o u p s  i n  t h e s e  n e u t r a l
comp lexes  a re  dep ro tona ted ,  wh i ch  i s  ana logous  to  t he  coo rd ina t i on  s i t e
o f  t he  Zn?+  i on  i n  HLADH.  UV-V IS  spec t roscopy  w i th  t he  coba l t ( I I )  com-
p l e x  a l s o  r e v e a l s  a  c o o r d i n a t i o n  i d e n t i c a l  t o  H L A D H  i n  w h i c h  t h e  z i n c
i o n  i s  s u b s t i t u t e d  f o r  a  c o b a i t ( I i )  i o n .  T h e  c e n t r a l  a r o m a t i c  r i n g  i n
t h e  c o m p l e x e s  s e r v e s  a s  a  c a p ,  s h i e l d i n g  o n e  s i d e  o f  t h e  c o m p l e x .
I n  a  mode l  reac t i on  f o r  t he  enzyme-ca ta l yzed  p rocess  e thy l  pheny l -
g l yoxy la te  i s  reduced  to  e thy l  mande la te  by  N -benzy l - l , 4 -d ihyd ron i co t i n -
am ide  i n  1ow y ie ld  upon  add i t i on  o f  t he  comp lexes  i n  ca ta l y t i c  amoun ts .
Fo r  t he  coba l t ( l i )  comp lex  t u rnove r  numbers  o f  50 - . l 00  a re  reached .  These
' im idazo le -d j t h i o l a te  comp lexes  thus  ac t  as  mode l  compounds  fo r  HLADH.  A
mode l  f o r  t he i r  ca ta l y t i c  ac t i on  i s  p roposed .  The  su l f i de  con ta in ' i ng
l i gands  (F igu re  2a )  do  no t  coo rd ina te  we l l  w i t h  ZnZ+  o r  Co2+  i ons ;  on l y
coo rd ina t i on  by  t he  im idazo le  g roup  i s  obse rved .  These  comp lexes  do  no t
show ca ta l y t i c  ac t i v i t y  i n  t he  mode l  reac t i on .
l 4 t
I n  C h a p t e r  I I i  p y r i d i n e - d i t h i o l  c o m p o u n d s  ( F i g u r e  2 b )  a r e  d e s c r i b e d
' ) !
a q  l i n a n d c  f a r  7 n '  '  i o n s .  T h e  t e t r a m e t h y l -  a n d  t e t r a p h e n y l - s u b s t i t u t e d
l i g a n d s  f o r m  d i n u c l e a r  c o m p l e x e s  i n  w h i c h  e a c h  Z n 4 -  i o n  i s  c o o r d i n a t e d
b y  o n e  p y r i d i n e - d i t h i o l a t e  d i a n i o n i c  l i g a n d  a n d  b y  a  s u l f u r  b r i d g e  t o
t h e  s u l f u r  o f  a  s e c o n d  l i g a n d .  T h i s  l l v a s  e s t a b l i s h e d  b y ' H - N l 4 R  s p e c t r o s -
copy  and  by  X - ray  ana l ys i s .  These  comp. lexes  a re  i nac t i ve  i n  t he  mode l
r e a c t i o n  w h i c h  t e s t s  t h e  c a t a l y t i c  a c t i v i t y .  T h e  i d e n t i c a l  c o m p o u n d  w i t h
b ís - f l uo rene  g roups  i n  t he  a -pos i t i on  o f  t he  t h io l  g roups  gave  be t te r
s h i e l d i n g  o f  t h e s e  t h i o l s ,  s o  d i m e r i z a t i o n  u i a  s u l f u r  b r i d g i n g  i s  p r e -
ven ted .  Howeve r ,  t he  mononuc lea r  comp lex  f o rmed  p roves  to  be  uns tab le ,
a n d  r a p i d l y  d e c o m p o s e d .
I n  a d d i t i o n ,  i n  t h i s  c h a p t e r  t h e  c o r r e s p o n d i n g  p y r i d i n e - d i o l s  ( F i g -
u r e  2 c )  a n d  t h e i r  c o m p l e x i n g  p r o p e r t i e s  a r e  d e s c r i b e d .  T h e  X - r a y  s t r u c -
tu re  o f  one  o f  t hese  z inc  comp lexes  was  de te rm ined .
T h e  s y n t h e s i s  o f  a n  i d e n t i c a l  l i g a n d  ( F i g u r e  2 d )  w i t h  a n  i m i d a z o l e
g r o u p  i n s t e a d  o f  a  p y r i d i n e  g r o u p  i s  d e s c r i b e d  i n  C h a p t e r  I V .  T h i s  i m i d -
a z o l e - d i t h i o l  l i g a n d  i s  v e r y  s e n s i t i v e  t o  o x i d a t i o n .  C o m p l e x a t i o n  w i t h
) t
Z n -  i o n s  r e s u l t s  i n  a n  i n s o l u b l e  p o i y m e r i c  c o m p l e x .
I n  C h a p t e r  V  I , 4 - d i h y d r o p y r i d i n e s  a r e  d e s c r i b e d  c o n t a i n i n g  c o o r d i -
n a t i n g  g r o u p s  a t  t h e  4 - p o s i t i o n  a n d  i n  t h e  e s t e r  g r o u p s  i n  t h e  3 -  a n d  5 -
pos i t i on .  These  compounds  were  p repa red  by  t he  Han tzsch  es te r  syn thes i s ,
as  mode ls  f o r  a  b ina ry  comp lex  o f  HLADH and  NADH.  The  con fo rma t i on  o f
o n e  o f  t h e s e  c o m p o u n d s  ( F i g u r e  3 )  w a s  s o l v e d  b y  X - r a y  a n a l y s i s .  T h e  i m i d -
H3C S \,,/^-O oÀrzscHa
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Figure 3
a z o l e  g r o u p  a t  t h e  4 - p o s i t i o n  o f  t h e  b o a t - s h a p e d  1 , 4 - d i h y d r o p y r i d i n e  i s
i n  a  p s e u d o - a x i a l  p o s i t i o n .  C o n f o r m a t i o n a l  n a i y s i s  b y  l ' , 1 o 1 e c u l a r  l v l o d e l -
l i n g  f o r  a n  a n a l o g o u s  c o m p o u n d  r e v e a l s  t h a t  t h i s  i s  t h e  m o s t  s t a b l e  c o n -
f o r m a t i o n .  C o m p l e x a t i o n  w i t h  Z n ( N O r ) ,  o n l y  o c c u r s  w i t h  t h e  n i t r o g e n  d o -
n o r s  a t  t h e  4 - p o s i t i o n  a n d  n o t  w i t h  t h e  e t h e r  o r  s u l f i d e  s u b s t i t u e n t s  i n
t h e  e s t e r  g r o u p s .  E a c h  z i n c ' i o n  i s  c o o r d i n a t e d  b y  t w o  d i h y d r o p y r i d i n e
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l i g a n d s .  T h e s e  c o m p o u n d s  o n o t  r e d u c e  e t h y l  p h e n y r g l y o x y l a t e ,  p r o b a b l y
as  a  resu l t  o f  t he  pseudo -equa to . i a l  pos i t i on  o f  t he  hyd rogen  a tom a t
t h e  4 - p o s i t i o n .
